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Objectives . This study was designed to analyze stored intra-
cardiac electrograms generated during spontaneous monomorphic
ventricular tachycardia to examine the possible mechanisms re-
sponsible for the initiation of ventricular tachycardia in a group of
postinfarclion patients .
Background. Umplantable cardioverter-defibrillators capable
of storing electrograms during an arrhythmic event provide an
intracardiac electrogram analog to Holter ambulatory e]eCftcaT-
diographic monitoring . Such electrograms are of value in arrhyth-
mia diagnosis and in determining the appropriateness of hn-
plantable cardioverter-defibrillator therapy and may aid in
understanding the Initiation of ventricular arrhythmias .
Methods. MT studied 73 stored electrograms in 22 postinfarcn
tion patients with spontaneous monomorphic ventricular tachy-
cardia. Premature depolarizationss before tachycardia were clas-
sified by morphology and number. Electrogram morphology was
compared with the morphology of the baseline rhythm and
ventricular tachycardia . Prematurity was assessed by the coupling
interval and a calculated prematurity ratio .
Results.
During baseline rhythm, ectopic activity was present
in 30 (41%) of 73 stored episodes . Ventricular tachycardia was
preceded by a short-long-short sequence in 14% of episodes and
Sustained monomorphic ventricular tachycardia may have
reentry, triggered activity or abnormal automaticity as its
underlying mechanism (1) . Clinically, reentry is most prev-
alent, especially in postinfarction ventricular tachycardia .
Reentry requires the presence of a fixed or functional circuit
capable of unidirectional block in one limb and slowed
conduction in another .
Theoretically, reentrant ventricular tachycardia may be
initiated by several mechanisms . Spontaneous ventricular
premature beats may enter a reentrant circuit, produce
slowed conduction in one limb and unidirectional block in
another, and induce ventricular tachycardia . Less com-
monly, concealed decremental conduction of a sinus beat in
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by a rapid ventricular rhythm in 5 .5% of episodes . The onset of
ventricular tachycardia was marked by single premature depolar-
izations in 33 episodes (45% by pairs in 16 (22%) and by
multiple complexes in 24 (33%) . Morphology was similar to that
of the ensuing tachyeardla in 35 episodes (48%) . The mean
coupling interval was 364 ms, and the mean prematurity ratio was
0.56. In all 10 episodes (14%) where the prematurity ratio was
<0.40, a short-long-short sequence was responsible . When classi-
fied by morphology, the mean prematurity ratio of depolarization
dissimilar to ventricular tachycardia (0 .53) was significantly less
than that of the morphologically similar group (0 .60, p = 0 .035).
Conclusions . In this select group of postinfarction patients with
recurrent sustained monomorphic ventricular tachycardla treat
with implantable cardioverter-defibrillators, ventricular tachy-
cardia was most often preceded by late-coupled premature depo-
larizations . Not infrequently, a short-long-short sequence oc-
curred before tachycardia. Premature depolarizations with a
morphology different from that of the lachycardia occurred
earlier in the cardiac cycle than did those with a morphology
similar to that of the tachycardia . These findings may reflect
different mechanisms of ventricular tachycardia initiation .
(J Am Coll Cardiol 1994,23.117-22)
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the reentrant circuit may occur and initiate ventricular
tachycardia, in which case the premature beat would repre-
sent the first beat exiting the circuit (2) . Alternatively,
short-long-short cycle lengths before ventricular tachycardia
may increase the dispersion of refractoriness and facilitate
reentry (3) .
Premature ventricular beats can be graded with respect to
their morphology, complexity and prematurity . Electrocar-
diographic (ECG) monitoring has demonstrated that prema-
ture ventricular beats occur relatively late in the ensuing
cardiac cycle, casting dcubt on the significance of the R on T
phenomenon (that is, early coupled beats) in the initiation of
ventricular tachycardia (2-6) .
Historically, the study of the onset of spontaneous ven-
tricular tachycardia has been limited to Holter and other
surface ECG monitoring systems . The implantable cardio-
verter-defibrillator has revolutionized the treatment of life-
threatening ventricular arrhythmias and has been highly
successful in reducing the incidence of sudden cardiac death
in patients with these arrhythmias (7-10) . Third-generation
0735A0971941S6 .00
118
ROELKE ET AL .
SPONTANEOUS MONOMORPHIC VENTRICULAR TACHYCARDIA
implantable cardioverter-defibrillators can terminate ar-
rhythmias with antitachycardia pacing, low energy cardio-
version and defibrillation . Some newer devices also have the
capability of storing intracardiac electrograms during an
arrhythmic event
. This feature has proved invaluable in
arrhythmia diagnosis and in determining whether appropri-
ate implantable cardioverter-defibrillator therapy has been
implemented (11-13) . The purpose of this study was to use
stored intracardiac electrograms generated during spontane-
ous monomorphic ventricular tachycardia to examine the
onset of spontaneous ventricular tachycardia and to gain
insight into mechanisms responsible for the initiation of
these tachycardias .
Methods
Patients and stored electrograms. The study group was
obtained from 46 consecutive patients who underwent im-
plantation of a Ventritex Cadence implantable cardioverter-
defibrillator between September 1989 and April 1992 . Their
ages ranged from 14 to 84 years (mean 60) . Cardiac diag-
noses included coronary artery disease with or without an
associated aneurysm or cardiomyopathy in 31 patients,
idiopathic dilated cardiomyopathy in 9, hypertrophic cardio-
myopathy in 3, right ventricular dysplasia in 1, long QT
syndrome in l and idiopathic ventricular fibrillation in 1 .
The Ventritex Cadence is a third-generation implantable
defibrillator with tiered therapy capabilities and the capacity
to store local electrograms during arrhythmic events . The
electrograms are recorded from a bipolar lead electrode at
the right ventricular apex . The devices were programmed to
store 30 s of electrograms for the three most recent arrhyth-
mic events .
Inclusion criteria . Only those stored events demonstrat-
ing spontaneous ventricular tachycardia that appeared
monomorphic on the intracardiac electrograms from the
right ventricular apex were accepted . Monomorphic ventric-
ular tachycardia was defined as a sudden change in rate and
local electrogram morphology with 1) a constant cycle length
during ventricular tachycardia that did not vary by >10%,
and 2) a uniform electrogram morphology during tachycar-
dia. The premature depolarizations preceding ventricular
tachycardia were defined as all electrograms between base-
line rhythm and ventricular tachycardia. A premature depo-
larization and the first beat of ventricular tachycardia are not
mutually exclusive terms; that is, when the premature depo-
larization and ventricular tachycardia have the same mor-
phology, the first beat of ventricular tachycardia and the
premature depolarization could be one and the same .
All stored events were reviewed and only those in which
monomorphic ventricular tachycardia was preceded by at
least 10 electrograms and followed by at least 5 electrograms
of baseline rhythm were accepted .
Characterization of tachycardia onset . Each premature
depolarization was recorded as morphologically similar or
dissimilar to the ensuing ventricular tachycardia, and the
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cycle length between all local electrograms during baseline
rhythm and ventricular tachycardia was measured. The
number of premature depolarizations preceding ventricular
tachycardia was recorded as single, paired or multiple (three
or more). When ventricular tachycardia was not preceded by
a beat of dissimilar morphology, the first beat of tachycardia
was arbitrarily labeled a single premature depolarization .
When there were substantial variations in cycle length
(>10%) at the onset of ventricular tachycardia (with com-
plexes of a morphology similar to that of the tachycardia),
the complexes associated with longer cycle lengths were
designated paired or multiple premature depolarizations of
the same morphology as that of the ventricular tachycardia .
The prematurity of early depolarizations was expressed
by a calculated variable, the prematurity ratio, defined as the
coupling interval of the premature depolarization normalized
to the immediately preceding cycle length .
Results
Patients and arrhythmic events . Every stored arrhythmic
event in all 46 patients was reviewed . A total of 119 episodes
of ventricular tachycardia were recorded . Of these, 73 stored
events in 22 patients (range I to 10 [mean 3 .31 events/patient)
met the inclusion criteria and demonstrated ventricular
tachycardia preceded by at least 10 electrograms and fol-
lowed by at least 5 electrograms of baseline rhythm . Events
were excluded for insufficient baseline rhythm before (39
cases) or after (7 cases) ventricular tachycardia .
All 22 patients had underlying coronary artery disease .
Therefore, the following results pertain specifically to a
highly select group of postinfarction patients with recurrent
sustained monomorphic ventricular tachycardia .
Baseline rhythm and ventricular tachycardia . Immedi-
ately before ventricular tachycardia, no ectopic activity was
present in 30 episodes (41%), exemplified by the tracing in
Figure 1. In 43 episodes (59%), isolated premature depolar-
izations occurred . In 10 episodes (14%), ventricular tachy-
cardia was preceded by a short-long-short sequence (Fig . 2) .
In four episodes (5 .5%), ventricular tachycardia was pre-
ceded by atrial fibrillation with a rapid ventricular response
identified by irregularly irregular cycle lengths between local
electrograms of the same morphology during baseline
rhythm .
The mean cycle length of ventricular tachycardia was
355 ms (range 280 to 410) . In 18 patients with more than one
event, ventricular tachycardia of the same morphology re-
curred 74% of the time . The cycle length of ventricular
tachycardia was similar whether preceded by premature
depolarizations of the same (mean 357 ms) or different
(353 ms) morphology. Antitachycardia pacing terminated
ventricular tachycardia in 53 (73%) of 73 events and cardio-
version or defibrillation in 20 (27%) of 73 . In 4 events
antitachycardia pacing accelerated ventricular tachycardia,
necessitating cardioversion or defibrillation .
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Figure 1 . A single premature depo-
larization of the same morphology as
that of ventricular tachycardia (mor-
phology B) precedes ventricular
tachycardia . Baseline rhythm (mor-
phology A) is regular without ectopic
activity . The premature depolariza-
tion occurs late in the cardiac cycle
with a coupling interval of 610 ms and
a prematurity ratio of 0 .91 . Ventricu-
lar tachycardia is terminated by anti-
tachycardia pacing (AT?) and sinus
rhythm resumes .
Number and morphology of premature depolarizations
preceding ventricular fachycardia . The onset of ventricular
tachycardia was marked by single premature depolarizations
in 33 (45%) of T.i, by pairs in 16 (22%) of 73 and by multiple
premature depolarizations in 24 (33%) of 73 events . Ventric-
ular tachycardia preceded by single, paired and multiple
premature depolarizations are shown in Figures 1, 3 and 2,
respectively. There was no significant difference in the mean
cycle length of ventricular tachycardia whether it was pre-
ceded by single, paired or multiple premature depolariza-
tions (357 ins, 353 ms and 354 ms . respectively) .
The morphology of premature depolarizations preceding
ventricular tachycardia was similar to that of ventricular
tachycardia in 35 (48%) of 73 events . Of these, 26 were single
premature depolarizations, 6 were pairs and 3 were multiple
complexes . In 38 (52%) of 73 events, the morphology of
premature depolarizations was dissimilar to that of ventric-
ular tachycardia. Of these, 6 were single premature depolar-
izations, 10 were pairs and 22 were multiple complexes . In
10 patients with three or more events, ventricular tachycar-
Figure 2 . Ventricular tachycardia is
preceded by a short-long-short se-
quence. During sinus rhythm (mor-
phology A) there is frequent ectopic
activity (morphology B) . After a si-
nus beat (A), a premature beat (B)
occurs followed by a pause and then
another sinus beat. Subsequent pre-
mature depolarizations occur with
varying morphologies (BCB) . Ven-
tricular tachycardia is terminated by
antitachycardia pacing (ATP) and si-
nus rhythm resumes.
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ATP
dia was preceded by a predominant morphology in 68% of
cases and by the same number of premature depolarizations
in 74% of cases .
Prematurity of early depolarizations . The mean coupling
interval of premature depolarizations was 364 ms (range 280
to 610) . To normalize for differences in baseline cycle length,
the prematurity of early electrograms was expressed as the
ratio of the premature coupling interval to the immediately
preceding cycle length . The mean prematurity ratio was 0 .56
(range 0.18 to 0,91), In 63 (865/v) of 73 events, the prematurity
ratio was >0.40. When the prematurity ratio was <0 .40, all
10 instances were due to a premature depolarization imme-
diately preceded by a long cycle length (that is, short-long-
short sequence) and not to a very short premature coupling
interval . The mean coupling interval of premature depolar-
izations in this group was 475 ms (range 400 to 570) .
When premature depolarizations were grouped by mor-
phologic subset, the mean prematurity ratio for those with a
morphology similar to that of ventricular tachycardia was
0.60 compared with 0 .53 in the morphologically dissimilar
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group, a small but significant difi ;erence, p = 0.035 by
Student t test. This difference was not due to the presence of
more short-long-short cycles in the morphologically dissim-
ilar group. In the morphologically similar group, 4 of 35
events had a short-long-short cycle compared with 6 of 38 in
the dissimilar group (p = NS, Student t test) (Table 1) .
D' Lion
Implantable cardioverter-defibrillators capable of storing
electrograms during arrhythmic events provide an electro-
graphic analog to Hotter monitoring . Clinically, this is of
value in arrhythmia diagnosis and in determining the appro-
priateness of implantable cardioverter-defibrillator therapy
(11-13). Mechanistically, electrograms stored during ven-
tricular tachycardia allow the study of the onset of ventric-
ular tachycardia .
Prematurity of complexes preceding ventricular tachycar .
dis. Early coupled premature ventricular complexes or the
R on T phenomenon have previously been associated with
the induction of ventricular tachycardia and sudden cardiac
death (14,15). In contrast, our analysis of electrograms in
patients with prior myocardial infarction and monomorphic
ventricular tachycardia supports more recent evidence that
ventricular tachycardia is preceded by late-coupled prema-
ture ventricular beats (16) . Holter ambulatory ECG studies
(2-4,6,17) have demonstrated the frequent initiation of ven-
Table 1 . Prematurity Ratio of Premature Depolarizations With
a Morphology Similar or Dissimilar to That of
Ventricular Tachycardia*
°Premature
depolarizations with a morphology
dissimilar to that of
ventricular
tachycardia
occur earlier than premature depolarizations
with a
similar morphology
. This difference
is not due to the number of long-short
sequences in either group
. VT =
ventricular tachycardia.
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Figure 3 . A pair of premature depo-
larizations (morphologies B and C)
occurs after a sinus beat. The mor-
phology of ventricular tachycardia
(D) is dissimilar to that of either
premature depolarization . The cou-
pling interval before the first prema-
ture depolarization is 400 ms, and
the prematurity ratio is 0 .51 .
tricular tachycardia by late premature ventricular complexes
in ambulatory patients with nonsustained and sustained
ventricular tachycardia . All episodes of ventricular tachy-
cardia that we observed were preceded by late coupled
premature depolarizations . To normalize for differences in
baseline cycle length, the coupling interval was divided by
the prior cycle length . This prematurity ratio is akin to the
prematurity index (the coupling interval divided by the QT
interval) used in ECG studies . The mean prematurity ratio
was 0.56 and was >0.40 (presumably beyond the T wave) in
63 of 73 events. The 10 instances where the prematurity ratio
was <0.40 were due to a long preceding cycle length rather
than to a particularly early coupled premature depolarization
(mean coupling interval 475 ms [range 400 to 570]) . It is
therefore unlikely that, in this study group, ventricular
tachycardia was precipitated by a premature depolarization
falling within the T wave .
Morphology and number of complexes preceding ventricu-
lar by ia. We found that the onset of ventricular
tachycardia is most often
marked by single premature depo-
larizations (45%). Multiple and paired complexes occurred
before ventricular tachycardia in 33% and 22% of cases,
respectively . The premature depolarization were frequently
morphologically similar to ventricular tachycardia (48%) .
These findings are consistent with prior studies using Holter
monitor recordings and electrophysiologic testing that
showed that premature complexes and the first nonpaced
beat of induced monomorphic ventricular tachycardia are
morphologically similar to the ensuing tachycardia (2,18) .
Intrapatient variability in the initiation of ventricular
tachycardia. The mode of initiation of ventricular tachycar-
dia in an individual patient tends to be relatively constant .
Although only 10 patients experienced three or more events,
in these patients identical premature depolarizations (mor-
phology and number of beats) preceded ventricular tachy-
cardia most of the time . In a larger series of patients with
more frequent episodes of ventricular tachycardia (mean
4.9 events/patient), we found similar constancy in both the
number and the morphology of premature depolarizations
preceding ventricular tachycardia. A predominant number
(single vs . pairs vs . multiple) and predominant morphology
Premature
Depolarization
Morphology
Prematurity
Ratio
Long-Short
Sequences
Similar to VT
0.60 ±
0.17 4 of 35
Dissimilar to VT
0.53 ± 0 .16
6 of 38
p value
0.035
NS
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(similar vs . dissimilar to ventricular tachycarei .:) occurred
73% and 81% of the time, respectively, in a given patient
(19) .
Mechanisms of the initiation of ventricular tachycardia .
Similar morphologic features of ventricular tachycardia and
the preceding premature depolarization suggest the possibil-
ity of a common origin . Although our study was purely
observational and did not directly investigate specific mech-
anisms responsible for the initiation of ventricular tachycar-
dia, it is interesting to speculate on the modes of initiation
relative to currently accepted models of reentry . Premature
beats with the same morphology as that of ventricular
tachycardia may be due to concealed decremental conduc-
tion of the prior sinus beat (2). A sinus impulse way conduct
slowly through an area of diseased ventricular tissue . If there
is unidirectional block in an adjacent limb of the tissue,
reentry may occur . The first beat exiting the circuit is the
premature depolarization, which would be expected to be
late-coupled (having traversed the circuit) and to be of the
same morphology as that of the ventricular tachycardia
(assuming the same exit site) . Such late-coupled beats mdh a
morphology similar to that of ventricular tachycardia were
observed in almost half of the arrhythmic events in our
patients . By having to traverse an area of slow conduction,
ventricular tachycardia initiated by this mechanism (reflect-
ed by the presence of premature depolarizations of similar
morphology) might be slower than tachycardia of a different
origin. However, we did not find this to be so .
In the remaining episodes, ventricular tachycardia was
preceded by premature depolarizations with a dissimilar
morphology. This may represent the initiation of tachycardia
by a more classical model for reentry. The premature beat
blocks in one limb of a potential circuit, conducts slowly in
another, allowing recovery of conduction and initiation of
reentrant tachycardia . A beat initiating tachycardia in this
manner could be morphologically dissimilar to the tachycar-
dia (originating from a different site) and may occur earlier in
the cardiac cycle because it is entering rather than exiting the
circuit . Consistent with this view, we observed morpholog-
ically dissimilar premature depolarizations to be more pre-
mature than morphologically similar depolarizations . This
difference was not due to the presence of more short-long-
short sequences in the dissimilar morphology group but may
reflect the shorter coupling intervals of these premature
depolarizations . Alternatively, premature depolarizations
with a morphology different from that of ventricular tachy-
cardia may have resulted from concealed decremental con-
duction of the previous sinus beat but with an exit site
different from that of ventricular tachycardia (2) .
The short-long-short cycle lengths observed in 10 events
(14%) before tachycardia may play an important role in the
initiation of ventricular tachycardia . This sequence occurs as
a result of a premature beat (producing a short cycle)
followed by a pause (the long cycle) and then another
premature beat (another short cycle) . A similar sequence has
been noted to precede both monomorphic ventricular tachy-
cardia and torsade de pointes (3,12,20) . Long-short se-
quences increase the dispersion of repolarization and may
facilitate reentry (21) . Experimentally, abrupt short-to-long
changes in cycle length during ventricular pacing have been
shown to increase the incidence of initiation of sustained
ventricular tachycardia by ventricular extrastimuli (22) . Pa-
tients with prior myocardial infarction and ventricular tachy-
cardia, the group on which this study is based, exhibit
nonuniform recovery of excitability in the left ventricle (23) ;
when associated with a short-long-short coupling sequence,
dispersion of recovery and the possibility of reentry may
increase even further. Other investigators (12) have noted
that rapid supraventricular rhythms such as atrial fibrillation,
which may alter refractoriness, precede ventricular tachy-
cardia approximately 20% of the time . In our patient group,
ventricular tachycardia was preceded by atrial fibrillation in
5.5% of episodes .
Alternatively, the pause of the short-long-short sequence
may induce ventricular tachycardia by generating early
afterdepolarizations (24) . This mechanism would be ex-
pected to play a larger role in triggering polymorphic ven-
tricular tachycardia ; indeed, others (3) have observed such
sequences to occur immediately prior to polymorphic ven-
tricular tachycardia twice as frequently as before monomor-
phic ventricular tachycardia . In our patients, short-long-
short sequences occurred before apparent monomorphic
ventricular tachycardia in 10 (14%) of 73 events . It is
possible that this finding overrepresents the frequency with
which a short-long-short sequence precedes monomorphic
ventricular tachycardia: Tachycardia that appears mono-
morphic in a single lead might prove to be polymorphic if
multiple leads were available . However, termination of these
tachycardias by antitachycardia pacing makes polymorphic
ventricular tachycardia unlikely .
Lhnitations. Our analysis is based on the assumption that
premature depolarizations before ventricular tacb yeardia are
ventricular in origin, although an atrial site of origin cannot
be excluded. Similarly, based on our inclusion criteria,
supraventricular tachycardia with aberrant ventricular con-
duction cannot be distinguished from ventricular tachycar-
dia. However, in this patient group with prior myocardial
infarction and a history of recurrent ventricular tachycardia,
the clinical scenario favors ventricular tachycardia .
Interpretations of electrograms are based on bipolar
electrograms obtained from the right ventricular apex . It is
possible that ventricular tachycardia that appears monomor-
phic may in fact be polymorphic on multiple lead recordings .
Strict morphometric analyses of local electrograms were not
performed, and it is conceivable that electrograms that
appear similar do not originate from the same ventricular
site .
Our results pertain specifically to this highly select group
of postinfarction patients with ventricular tachycardia . It
may not be appropriate to generalize these findings to other
patient groups .
122
ROELKE ET AL .
SPONTANEOUS MONOMORPHIC VENTRICULAR TACHYCARDIA
Conclusions. We analyzed the onset of spontaneous
monomorphic ventricular tachycardia in 73 stored electro-
gram recordings from 22 patients with coronary artery
disease. Premature depolarizations before ventricular tachy-
cardia occurred late in the cardiac cycle and were morpho-
logically similar to the ensuing tachycardia in 48% of patients
and morphologically dissimilar in 52%. In 14% of events, a
short-long-short sequence occurred before ventricular
tachycardia. Depolarizations with a morphology different
from that of ventricular tachycardia occurred earlier in the
cardiac cycle than did those of the same morphology . These
findings may reflect different mechanisms of tachycardia
initiation .
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